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ABSTRACT 
This paper examines the typical travel time impacts of various bus priority measures to assist in the 
selection of appropriate treatments for particular road networks. A methodology for the selection of 
bus priority is outlined in this paper. This is based on detailed analysis of the travel time impacts of 
various bus priority treatments. The provision for bus lanes, bus lane set-back, priority at traffic 
signals, transit lanes and ticketing systems are assessed here. This work identifies locations where 
bus priority is suitable to minimise the person delay using an arterial route. Specific criteria for each 
treatment are developed, showing the break-even point, in terms of person travel time impacts, 
between savings to bus passengers and penalties to other road users. 
 
The average delay to general traffic and buses was converted to total person delay by using an 
assumed car occupancy of 1.3 and bus occupancies of 20, 30, 40 and 50 persons. The road layout, 
intersection spacing and intersection signal control settings, will affect the application of this work. 
However, this analysis is intended as a generic filter process to select bus priority treatments for 
further analysis. The use of this filter technique reduces the time involved in assessing the full range 
of bus priority treatments, as the detailed investigation may be directed at the most likely 
treatments. Whilst the criteria developed from this work may not be directly adapted for all 
applications, the methodology is suitable for other circumstances not specifically addressed here. 
 
In the case of bus priorities, the results show instances for which active priority may be justified. 
While the most significant delay savings for buses may be achieved at high levels of saturation, 
paradoxically, these situations are the most difficult in which to justify priority for buses. At low 
levels of saturation, the delay savings for buses are low, yet significant enough to counter the 
marginal effects on the operations of the general purpose traffic.  
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1. INTRODUCTION 
 
This paper examines the typical impacts of various bus priority measures to assist in selection of 
appropriate treatments for particular road networks. The impact of bus lanes, bus lane set-back, 
priority at traffic signals, transit lanes and ticketing systems are assessed here. The purpose of this 
work is to provide a means to select the appropriate circumstances where bus priority treatments 
should be considered. The methodology used has been described in Jepson and Ferreira (1998). A 
typical 4-lane route with intersections controlled by traffic signals at 250 metre spacing was 
selected as the base case for this work. The traffic signals are assumed to operate with a 80 second 
cycle time with an effective green time of 40 seconds for the main approach. Furthermore, it is 
assumed the bus travels along the route on the main approach concurrent with the major traffic 
flows. The effects of bus priority are examined using a range of road conditions and bus operations. 
The effects of varying the traffic and bus conditions enables the appropriate bus priority treatment 
to be matched to the traffic composition. 
 
The average delay to general traffic and buses was converted to total person delay by using an 
assumed car occupancy of 1.3 and bus occupancies of 20, 30, 40 and 50 persons. The road layout, 
intersection spacing and intersection signal control settings, will affect the application of this work. 
However, this analysis is intended as a generic filter process to select bus priority treatments for 
further analysis. The use of this filter technique reduces the time involved in assessing the full range 
of bus priority treatments, as the detailed investigation may be directed at the most likely 
treatments. Whilst the criteria developed from this work may not be directly adapted for all 
applications, the methodology is suitable for other circumstances not specifically addressed here. 
The next Section offers a brief outline of the methodology used to assess bus priority measures and 
a summary of the main results obtained for bus priority implementation criteria. The next two 
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sections deal with bus lanes and traffic signal priority respectively. This is followed by a summary 
of the results obtained in the case of transit lanes and ticketing systems. 
 
2. METHODOLOGY TO EVALUATE DIRECT TRAVEL TIME IMPACTS  
 
2.1 Analysis Techniques 
 
The analysis here examines the bus priority measures available and identifies conditions where each 
of the treatments may be suitable. The effect on travel time for buses and general traffic from bus 
priority measures was undertaken using a mix of analysis techniques. The delay analysis tools used 
involved separate methodology for individual approaches, signalised intersections and networks of 
signalised intersections. The focus of the investigation was the passenger travel time and this was 
determined using computer simulation and traffic flow analysis. The computer simulation was 
undertaken using SIDRA version 4.5 and TRANSYT version 8. SIDRA is an intersection 
simulation package that was used to obtain indicative delays and queues of individual signalised 
intersections. TRANSYT is a traffic signal network analysis and is used to assess the impact of 
traffic signal progression over a route. Whilst the computer packages allow a detailed analysis of 
various conditions, a basic delay relationship was used to allow detailed analysis of individual 
intersection approaches. The relationship adopted by Austroads (1991) to approximate the total 
approach delay was considered appropriate for this work for Australian conditions. The delay at an 
individual intersection is given by Equation (1). This relationship is used to determine the effects of 
average delay for an isolated intersection approach with uniform traffic arrival patterns. 
 
 
n(o)x
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     where: D :  Total delay in vehicle-hours per hour 
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   q :  flow in vehicles per second 
                      c :  cycle time in seconds 
   u :  green time ratio = g / c 
   y :  flow ratio = q / s 
   n(o) :  the average overflow queue in vehicles. 
 
An integral part of this work is the development of guidelines for suitable conditions where the 
various bus priority measures may be justified. The break-even analysis is undertaken for situations 
with and without bus priority treatments, to identify the minimum number of bus passengers  
needed justify each treatment. 
 
2.2 Evaluation of Bus Priority Treatments 
 
The current analysis focuses on the impacts on overall journey time. Other impacts, such as vehicle 
operating costs and environmental effects are not dealt with here. The base route layout examined is 
shown in Figure 1. This is a typical 4-lane divided arterial road with traffic signals at 250 metre 
spacing. Various bus priority treatments were considered for this route to enable the conditions to 
be identified where these treatments are suitable. 
  
For each set of traffic conditions, the minimum number of bus passengers to justify a bus priority 
treatment is given by: 
Min.( bus) =       {( dcar1 * Vcar * OCCcar) - ( dcar2 * Vcar * OCCcar)} / {Vbus   * (dbus2 - dbus1)} -------(2) 
 
Where :- 
  Min (Bus)  = Minimum number  of  bus passengers to justify bus priority 
dcar1   = Average delay to cars without bus priority 
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Vcar   = Volume of general purpose vehicles excluding buses 
OCCcar  = Average occupancy of general purpose vehicles excluding      buses 
dbus1    = Average delay to buses without bus priority 
Vbus   = Volume of buses 
OCCbus  = Average number of passengers in buses 
dbus2   = Average delay to buses with a bus priority 
dcar2   = Average delay to cars with bus priority 
 
Bus Lanes 
The impacts of bus lanes on buses and the remainder of the traffic may be assessed by considering 
the performance of the route with and without these lanes. The calculations are based on an extra 
lane added to an approach designated either as a bus lane or as a general purpose lane. It is assumed 
that an extra lane may be effectively used either as a bus lane or a general purpose lane. Figure 2 
shows the alternative options for adding extra lanes to the base case. The approach used here 
determines the total person delay for both options to identify the lane arrangement that minimises 
this parameter. In some instances, the use of bus lane ‘set-backs’ may assist in maximising the 
benefits of the bus lanes. This is demonstrated in Figure 2 with the bus lane set-back added to the 
base case. The method of investigating both bus lanes extended through the intersection and where 
the bus lanes are set-back from the stop line are considered separately. 
 
Active Priority at Signals 
The use of active bus priority was modelled using SIDRA to assess the effects of changing the 
traffic signal phase times. The average vehicle delay was determined for the base case (no active 
signal priority) and for the case where the signals are modified to give priority for buses. This 
assessment adopted random arrivals of vehicles on the side street and random arrivals of buses.  
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2.3 Transit lanes on Arterial Roads 
 
The person throughput may be analysed by comparing the operating conditions with a transit lane 
and the case of the same lane being dedicated to general traffic. The analysis was undertaken using 
equation (3). This approach allows the sensitivity of the results to be assessed with the different 
conditions. 
 
Pmin=  {( dNTV1 * VNTV * Cocc) - ( dNTV2 * VNTV * Cocc)}/ {(dTV2  -  dTV1  )* VTV1} ……....(3) 
 
              Where :- 
  Pmin = Minimum number of passengers in transit lane 
dNTV1 = Average delay to cars without transit lane 
VNTV = Volume of general purpose vehicles excluding transit vehicles 
Ccar = Average occupancy of general purpose vehicles excluding transit vehicles 
dNTV1  = Average delay to high occupancy vehicles without bus priority 
VTV1 = Volume of vehicles eligible for transit lane 
Tocc = Average number of people in high occupancy vehicles 
dTV1 = Average delay to high occupancy vehicles with no transit lane 
dTV2 = Average delay to vehicles in transit lane 
  
3. BUS LANES 
 
Background 
The impact of bus lanes was addressed for one of the intersections along the base case route. Whilst 
there are various forms of bus lanes, this research focuses on kerb-side, with-flow bus lanes. These 
bus lanes are considered for situations where they are continuos and also where the bus lane is 
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stopped a defined distance from the stop line of signalised intersections. This analysis will examine 
bus lanes in relation to the reduction in travel time for buses and the associated impact for general 
purpose vehicles.  
 
The methodology adopted involved examination of the existing traffic conditions for the major 
approaches of this intersection and is described in section 2 above. This existing arrangement is 
then compared for the same conditions with the addition of an extra lane on the main approach. The 
additional lane is considered either as a general purpose lane or a bus lane. Using the above criteria, 
the delay for general purpose vehicles and buses were compared to obtain the minimum number of 
bus passengers to justify bus lanes. This analysis was undertaken for continuos bus lanes and bus 
lane set-backs and both options are discussed below. 
 
Bus Lane Extended through Intersection 
The bus lane that is extended through the intersection provides buses with a queue jump facility 
through the traffic signals and is demonstrated in Figure 1. Using the methodology described in 
Section 2, the average delay for both cars and buses was calculated for various traffic conditions. 
This was calculated for the base case, which is an intersection with random arrivals with a cycle 
time of 80 seconds and a green time on the main approach of 40 seconds. It was assumed that the 
bus lane is an extra lane added to the main approach to the intersection. The analysis involved a 
comparison of the effects of the extra lane being designated either as a bus lane or another general 
purpose lane and the results are shown in Table 1. The latter shows that for a traffic volume of 1500 
vehicles/hour and a bus volume of 50 buses/hour, the average delay for both buses and cars with 
two general purpose lanes (ie. Option 1) is 16 seconds. However, if an extra lane is provided and 
designated as a bus lane (ie. Option 2), the average delay for buses reduces to 11 seconds, whereas 
the average delay for cars remains at 16 seconds. The designation of the extra lane as a general 
purpose lane results in an average delay to all vehicles of 14  seconds. 
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The  most significant impact of a bus lane occurs when the intersection approach is operating at 
vehicle flows approaching capacity. In these circumstances, the provision of an extra general 
purpose lane significantly reduces the delay for all vehicles. Using the average delay for each car 
and bus volumes shown in Table 1, the option that maximises the person throughput may be 
calculated. This allows the estimation of the minimum number of buses for each condition, to off-
set the delay to other traffic. 
 
Table 2 summarises the minimum bus volumes required to justify the dedication of the kerb-side 
lane as a bus lane for various traffic conditions, (with cycle time of 80 s and an effective green time 
of 40 seconds for the main approach). With bus volumes less than those shown in Table 2, the total 
person delay is minimised by dedicating the kerb-side lane as a general purpose lane.  
 
The number of buses to justify such a treatment increases as the approach flow rate increases and 
the degree of saturation rises. Therefore, a continuos bus lane may not suitable if the degree of 
saturation is above 0.975. This is as a result of the high delay for general purpose traffic in these 
conditions and the provision of an extra general purpose lane will provide substantial benefits. 
Thus, the results suggest that for situations of traffic conditions yielding a high degree of saturation, 
the delay to general purpose vehicles increases to the extent that bus lanes may not be justified, on 
travel time savings alone. 
 
Bus Lane Set-Back 
The preceding analysis indicates relatively high bus volumes to justify bus lanes that are continued 
through to the stop line of the intersection. In the United Kingdom, for situations of lower bus 
flows, bus lanes are stopped in advance of the traffic signals. A bus lane set-back permits buses to 
receive priority between  intersections, though it does not significantly reduce the capacity of traffic 
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signals. Oldfield et al. (1977) describe bus lane set-back as operating using the following 
assumptions : 
 
a) During the red period, non priority vehicles filter into the set-back space if this has the 
shortest queue, until either all queues are of equal length or the set-back space becomes 
full, whichever happens first. 
b) When all queues are of equal length, vehicles join each queue in turn so that they remain 
of equal length until the set-back is full, after which time newly arriving non-priority 
vehicles remain in the off-side lanes. 
c) When the green period commences, new arrivals only enter the nearside lane if the queue 
in the off-side lanes are not as far back as the end of the set-back; and then at a rate which 
does not allow the nearside lane queue to become longer than that in the offside lanes. 
 
Using these criteria, the optimum set-back has been assessed in terms of metres/second of green 
time for an approach. Figure 3 shows the optimum set-back lengths which varies with the green 
time provided to the approach under consideration. Thus, for a 3-lane approach with 40 seconds of 
green time, the optimum set-back length for the approach degree of saturation of 0.9 is 1.25 times 
the green time (ie. 50 metres). 
 
The effect of a bus lane set-back was modelled using the in SIDRA model with the extra lane 
considered as a ‘short lane’ used by general purpose vehicles. Using a similar approach to that used 
for bus lanes extending through the intersection, an analysis was undertaken for the test section.  
 
Using the average delay for each vehicle, the total intersection delay may be assessed for each 
option. As the approach volume nears capacity for the bus lane set-back arrangement, a higher 
number of bus passengers are required to enable such a treatment to be justified. Table 3 shows the 
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number of bus passengers required to justify the provision of 2 lanes with an additional short lane 
incorporating a bus lane set-back. The results indicate that for car volumes of 2100 vehicles/hour, 
the bus lane set-back may be justified if there are approximately 910 bus passengers / hour in the 
traffic stream. 
 
3. PRIORITY AT TRAFFIC SIGNALS 
 
This section examines the conditions for the justification of ‘active’ and ‘passive’ bus priority 
treatments. The effectiveness of both strategies was measured by comparing the delay savings for 
bus passengers with the penalties for general purpose vehicle occupants. 
 
 
3.1 Active Priority 
 
The effects of ‘active’ priority will depend on the bus arrival time in relation to the traffic signal 
cycle. The maximum benefits for ‘active’ priority are obtained when this treatment is used in 
conjunction with bus lanes, since it maximises the benefit of allowing buses to queue jump through 
traffic signals. 
 
The types of ‘active’ priority at traffic signals are discussed in Jepson and Ferreira (1999). Seven 
types of modifications to signals to provide active priority were identified and a particular strategy 
adopted  may have a combination of  these techniques. This paper examines four of the strategies 
for active priority, namely: dedicated bus phase; queue jump phase; absolute priority; and selective 
priority. 
 
 11/11/052492.doc 
 
- 11 - 
 
Dedicated Bus Phase 
Buses may be given a separate phase to travel through the intersection, while all other traffic is held 
on a red signal. Whilst this reduces the capacity for general traffic, it also may substantially reduce 
the delays for buses. The extra delays to general traffic may be compared with the delay savings for 
buses to obtain the minimum number of bus passengers to justify this treatment. Table 4 shows the 
minimum number of bus passengers for several intersection volume conditions (for a cycle time of 
80 seconds and the green time 40 seconds for the major approach). Using Table 4, for an 
intersection operating with a major flow of 1500 vehicles/hour on the main approach and volumes 
on the side street of 400 vehicles/hour, a dedicated bus phase could be justified with just over 2000 
bus passengers/hour. 
 
Queue jump phase for buses 
In some circumstances, particularly where a bus lane ends on the departure side of an intersection, it 
may be advantageous to provide a queue jump for buses. This strategy will not require any 
modifications to the traffic signals, other than a dedicated bus phase being introduced prior to the 
movement concurrent with the bus. The bus phase considered here allows buses to jump the queue 
of general purpose traffic at a signalised intersection. If the time dedicated for the queue jump phase 
is taken from the minor phase, this strategy would not affect the delay for the major approach. The 
results of this analysis for various traffic conditions are shown in Table 5. 
 
Absolute priority concurrent with major traffic stream  
In situations where the bus lane is concurrent with the major flows, buses may be given priority by 
providing a green signal for the approaching bus. Using an absolute bus priority strategy, a bus 
approaching the intersection will trigger a change to the phase that favours the bus movement 
regardless of the position of the cycle. The adoption of this strategy reduces the impact on the 
intersection performance compared with an exclusive bus phase. Nevertheless, the modification of 
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the signals will increase delays for the minor stream phases, and may adversely affect the green 
wave progression for general purpose traffic on the main approach.  
 
The minimum number of bus passengers to justify this traffic signal strategy for the range of traffic 
conditions is shown in Table 6. The latter shows that a strategy of absolute priority may be 
appropriate if there is spare intersection capacity. Higher traffic volumes on the main approach, 
coupled with low to moderate minor approach volumes, would represent the most appropriate 
conditions for this form of bus priority. 
  
Selective priority concurrent with major traffic stream  
Selective bus priority involves varying the level of priority depending on bus arrival times. If the 
bus arrives at the intersection with a red signal on its approach, an analysis of the traffic conditions 
needs to be conducted. For example, the strategy for selective priority may entail a maximum 10 
second extension to the green phase for the approach the bus is travelling; or a maximum 10 second 
early phase introduction for this phase. The minimum number of passengers for these traffic 
conditions is shown in Table 7. 
 
Design of traffic signal settings to give progression for buses 
To assess the suitability of passive bus priority for typical conditions, a 4-lane arterial route was 
analysed for a variety of traffic flows. The effects of setting the traffic signals using typical bus 
travel times was compared with setting them for the average travel speed of cars. This analysis was 
undertaken using the TRANSYT model (Vincent et al., 1980), for various intersection operating 
conditions. The minimum number of bus passengers to justify designing traffic signals for buses 
was estimated, based on minimising the person delay through a route. The results are shown in 
Table 8. 
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4. TRANSIT LANES 
 
Transit lanes may be considered where there are significant problems with traffic congestion, but 
there are insufficient buses to warrant an exclusive bus lane. In these situations, transit lanes may be 
provided to allow vehicles with a higher occupancy (including buses) to use these lanes. Transit 
lanes that are functioning appropriately will increase the person throughput of an arterial road and 
may encourage the use of car-pooling.   
 
To assess the effects of introducing a transit lane, a number of traffic conditions have been 
investigated. The section under investigation has a 2-lane approach operating through traffic signals 
with a cycle time of 80 seconds and an effective green time on the main approach of 40 seconds. 
The effects on vehicle delay were determined for the situation of an extra lane added, which was 
modelled as either a general purpose lane or a transit lane. The minimum number of people riding 
in the transit lane may be determined by maximising the person throughput for the intersection 
approach. The minimum occupancy of high occupancy vehicles in the traffic stream was estimated 
using the methodology described in section 2. Table 9 shows that, as the approach nears capacity, it 
requires significant numbers of transit vehicles to justify dedicated transit lanes. This requirement 
reduces for lower approach flows where there is spare capacity in the intersection.  
 
5. TICKETING SYSTEMS 
 
Ticketing systems can be divided into 3 basic categories, namely: prepaid cards - contactless 
reading and debiting; prepaid ticket - swipe card, examination by driver or card input into machine 
for reading and debiting; and cash tender at entry to bus. The loading time for each of these systems 
may vary considerably, as shown in Figure 5 which demonstrates the accumulated delay for the 
different systems. As an example, for a service that has predominantly cash tender system with a 
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large number of passengers who are visitors, it may represent an extra 13 minutes on the journey 
time compared with a contactless card system, for a 1 kilometre section with 60 passengers 
boarding the bus. This example assumes typical values of delay per boarding for different systems. 
 
6. SUMMARY AND CONCLUSIONS 
 
This analysis investigated the various types of bus priority treatments and their suitability of use in 
various situations. The analysis focussed on a typical four lane arterial route with signalised 
intersections at 250 metre spacing. The calculations were undertaken on a detailed micro-analysis 
of specific road links. Table 10 summarises the conditions for use of the various bus priority 
treatments. These results were compiled to identify those locations where the various bus priority 
measures may be considered, and they depict the minimum bus patronage required to consider each 
of these measures. 
 
The number of persons required to justify each treatment within the guidelines shown here, would, 
in the first instance, be based on actual passenger numbers. However, it is acknowledged that the 
bus priority treatment may be part of an overall strategy to increase the patronage of buses. Using 
marketing tools such as advertising, improving comfort levels and fare re-structuring, coupled with 
the bus priority treatment, there may be a significant increase in patronage for buses. In these 
circumstances, the appropriate bus priority treatment may be analysed using the predicted traffic 
conditions and bus patronage levels. 
 
 This analysis has presented instances for which active bus priority may be justified. While the most 
significant delay savings for buses may be achieved at high levels of saturation, paradoxically, these 
situations are the most difficult to justify priority for buses. At low levels of saturation, the delay 
 11/11/052492.doc 
 
- 15 - 
 
savings for buses are low, yet significant enough to counter the marginal effects on the operations 
of the general purpose traffic. 
 
A comparison of the strategies shows that for low side street flows, the provision of selective or 
absolute bus priority for buses may be justified with moderate number of bus passengers. The 
introduction of a dedicated bus phase may normally only be viable in situations where there is spare 
capacity in the intersection and the buses undertake a movement conflicting with the major traffic 
flow for an intersection. A queue jump bus phase would be considered for situations where the bus 
has a difficult merge downstream of the traffic signals.  
 
One of the issues in designing traffic signal settings for the bus travel time is the consistency in 
journey time for buses. The number of bus stops, as well as the number of passengers that alight 
and board within the section, may significantly affect the overall journey time. These variations, 
which may negate the benefits of designing traffic signal settings for a specified bus travel time, 
need to be addressed as part of this form of bus priority. 
 
The analysis presented here does not take into account a number of factors. The inclusion of car and 
bus operating costs reduces the minimum number of buses required due to the higher relative 
operating costs of buses. The environmental savings will also have an effect on this analysis. In 
addition, the desirability to promote buses to improve the overall efficiency of the transport network 
provides benefits in favour of this form of public transport. 
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Table 1.  Bus Lanes: Delays with selected traffic conditions 
 
  Option 1 
(Base Case) 
Option 2 Option 3 
Car Volume 
 
 
Bus Volume 
 
Two General 
Purpose 
Lanes 
Two General Purpose 
Lanes and a Bus Lane 
Three General 
Purpose Lanes 
 
(vehicles 
/hour) 
 
 
(buses/hour) 
Average car & 
bus delay 
(seconds) 
Average 
car delay 
(seconds) 
Average 
bus delay 
(seconds) 
Average 
car delay 
(seconds) 
Average 
bus delay
(seconds)
2000 20 55 55 10 15 15 
2000 50 55 55 11 15 15 
2000 75 55 55 11 16 16 
2000 100 55 55 11 16 16 
1500 20 16 16 10 13 13 
1500 50 16 16 11 14 14 
1500 75 16 16 11 14 14 
1500 100 16 16 11 14 14 
1000 20 13 13 10 12 12 
1000 50 13 13 11 12 12 
1000 75 13 13 11 12 12 
1000 100 13 13 11 13 13 
500 20 11 11 10 11 11 
500 50 11 11 11 11 11 
500 75 11 11 11 11 11 
500 100 11 11 11 11 11 
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Table 2. Number of Buses Required to Justify a Bus Lane 
 
Traffic Conditions : Cycle Time : 80 s ; Green time : 40 s ; Approach Saturation Flow 
: 4000 vehicles/hour  
 
Number of 
cars 
 
Approx. 
Degree of 
Saturation 
Number of Buses to Justify a Bus Lane 
with bus lanes extended through traffic signals 
Minimum hourly 
person 
throughput  
 
(vehicles/hour) 
 Bus Occ. 
50 
Bus Occ. 
40 
Bus Occ. 
30 
Bus Occ. 
20 
(bus 
passengers/hour) 
500 
750 
1000 
1500 
1650 
1700 
1750 
1800 
1850 
1900 
1950 
2000 
0.25 
0.375 
0.5 
0.75 
0.825 
0.85 
0.875 
0.9 
0.925 
0.95 
0.975 
1 
## 
## 
17 
31 
50 
59 
71 
88 
115 
165 
260 
* 
## 
## 
22 
39 
62 
74 
89 
111 
146 
219 
307 
* 
## 
## 
29 
52 
82 
98 
119 
149 
203 
* 
* 
* 
## 
## 
43 
78 
122 
147 
182 
245 
306 
* 
* 
* 
## 
## 
850  
1550  
2500  
2950  
3550  
4400  
5750  
8250  
13000  
* 
Where * :-  represents conditions with high degree of saturation where it is not 
                   practical  to adopt bus lanes 
           ## :- represents conditions where extra lane dedicated as general purpose lane  
                   does not improve the operations for general purpose traffic and a bus lane 
                   may be designated with no adverse impact for other vehicles. 
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Table 3. Minimum Patronage to Justify Set-back 
 
Traffic Volume Degree of 
Saturation 
Number of Passengers to Justify 
Bus Lane Set-back  
(Vehicles/hour) (Base case) (passengers/hour) 
500 
1000 
1500 
2000 
0.25 
0.5 
0.75 
1.00 
## 
## 
## 
## 
2100 1.05 910 
2200 1.10 1430 
2300 
 
1.15 1795 
Where ## :- represents conditions where extra lane dedicated as general purpose lane  
                   does not significantly improve the operations for general purpose traffic and a bus                           
                   lane set-back may be designated with no adverse impact for other vehicles. 
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Table 4. Minimum Patronage to Justify Dedicated Bus Phase 
 
  No. of passengers to justify bus phase 
Minor Street Flow Major Flow : 1000 Major Flow : 1500 Major Flow : 2000 
  Dos(1) : 0.5 Dos : 0.75 Dos : 1.0 
100 (vehicles/hour) Dos (Minor) : 0.14 860 1755 22327 
200 (vehicles/hour) Dos (Minor) : 0.28 960 1836 22351 
300 (vehicles/hour) Dos (Minor) : 0.42 1040 1901 22369 
400 (vehicles/hour) Dos (Minor) : 0.56 1200 2031 22407 
500 (vehicles/hour) Dos (Minor) : 0.70 2400 3006 22691 
600 (vehicles/hour) Dos (Minor) : 0.84 15440 13601 25773 
700 (vehicles/hour) Dos (Minor) : 1.00 50220 41860 33994 
(1) Dos – degree of saturation 
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Table 5. Minimum Patronage to Justify Queue Jump Bus Phase 
  Number of Passengers to Justify 
Minor Street Flow Major Flow : 1000 Major Flow : 1500 Major Flow : 2000
  Dos : 0.5 Dos : 0.75 Dos : 1.0 
100 Dos (Minor) : 0.14 14 49 60 
200 Dos (Minor) : 0.28 38 130 160 
300 Dos (Minor) : 0.42 57 195 240 
400 Dos (Minor) : 0.56 95 325 400 
500 Dos (Minor) : 0.70 378 1300 1600 
600 Dos (Minor) : 0.84 3460 11895 14640 
700 Dos (Minor) : 1.00 11681 40154 49420 
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Table 6. Minimum Patronage for Absolute Priority  
  No. of Passengers to Justify 
Minor Street Flow Major Flow : 1000 Major Flow : 1500 Major Flow : 2000 
  Dos : 0.5 Dos : 0.75 Dos : 1.0 
100 (vehicles/hour) Dos (Minor) : 0.14 # # # 
200 (vehicles/hour) Dos (Minor) : 0.28 # # # 
300 (vehicles/hour) Dos (Minor) : 0.42 285 # # 
400 (vehicles/hour) Dos (Minor) : 0.56 9060 6904 227 
500 (vehicles/hour) Dos (Minor) : 0.70 14613 11416 1539 
600 (vehicles/hour) Dos (Minor) : 0.84 22245 17617 3343 
700 (vehicles/hour) Dos (Minor) : 1.00 27050 21521 4479 
where # : indicates that increasing the green time to favour the main approach results in  
lower total intersection delay. 
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Table 7. Minimum Patronage for Selective Priority 
  No. of Passengers to Justify Treatment 
Minor Street Flow Major Flow : 1000 Major Flow : 1500 Major Flow : 2000 
  Dos : 0.5 Dos : 0.75 Dos : 1.0 
100 Dos (Minor) : 0.14 # # # 
200 Dos (Minor) : 0.28 # # # 
300 Dos (Minor) : 0.42 # # # 
400 Dos (Minor) : 0.56 182 # # 
500 Dos (Minor) : 0.70 4014 2875 # 
600 Dos (Minor) : 0.84 11226 8423 1209 
700 Dos (Minor) : 1.00 17076 12923 2334 
where # : indicates that increasing the green time to favour the main approach results in lower total  
   intersection delay. 
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Table 8. Patronage Required to Justify Passive Priority to Suit Bus Speeds 
  
Vehicle Flow  
vehicle/hour 
(Degree of Saturation) 
Number of bus 
passengers per hour to 
justify design of traffic 
signals for bus travel 
time of 30 
kilometres/hour 
(Passengers / hour) 
Number of bus 
passengers per hour to 
justify design of traffic 
signals for bus travel time 
of 20 
kilometres/hour 
(Passengers / hour) 
Number of bus 
passengers per hour to 
justify design of traffic 
signals for bus travel time 
of 10 kilometres/hour 
(Passengers / hour) 
1950 (0.98) 
1800 (0.90) 
1650 (0.83) 
1500 (0.75) 
1350 (0.68) 
1200 (0.60) 
1050 (0.53) 
900 (0.45) 
750 (0.38) 
600 (0.30) 
 
2500 
3500 
1300 
1900 
1800 
1700 
1400 
1200 
950 
750 
12500 
13500 
8000 
4000  
3600  
3300  
2800  
2400  
2000  
1500  
 
9000 
13500 
7000 
3200 
3000 
2600 
2200 
2000 
1500 
1000 
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Table 9. Transit Lane Justification 
 
Total Number of vehicles Justification for using transit lanes 
number of   
vehicles 
 
(vehicles/hour) 
eligible to use  a 
transit lane 
 
(vehicles/hour) 
Number of people 
using the transit lane 
 
(persons/hr.) 
Average occupancy 
of vehicles using the 
transit lane 
(av. occ. / veh.) 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1750 
1750 
1750 
1750 
1750 
1750 
1750 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2250 
2250 
2250 
2250 
2250 
2250 
2250 
100 
200 
300 
400 
500 
600 
700 
100 
200 
300 
400 
500 
600 
700 
100 
200 
300 
400 
500 
600 
700 
100 
200 
300 
400 
500 
600 
700 
1820 
1690 
1560 
1430 
1300 
# 
# 
2145 
2015 
1885 
1755 
1625 
# 
# 
2470 
2340 
2210 
2080 
1950 
1400 
# 
2795 
2665 
2535 
2405 
2275 
1650 
1550 
18.2 
8.5 
5.2 
3.6 
2.6 
# 
# 
21.5 
10.1 
6.3 
4.4 
3.3 
# 
# 
24.7 
11.7 
7.4 
5.2 
3.9 
2.3 
# 
28.0 
13.3 
8.5 
6.0 
4.6 
2.8 
2.2 
where # : indicates conditions where transit lanes may not be justified 
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 Table 10: Summary of Justification for Bus Priority Treatments 
 Bus Lane Treatments Active Bus Priority at traffic signals Passive priority at traffic signals  
inor  Bus Lane Bus Lane Dedicated Queue Absolute Selected  Design of Restriction Metering Transit Bu
roach Extended set - back Bus Jump Bus  Bus  signals for bus of right turn of flows Lane 
lume to stop line from stop Phase Bus Phase Priority Priority travel time buses   
eh/h) (1) (1) (1) (1) (1) (1) of 30 km/h 
(1) 
excepted 
(1) 
 
(1) 
 
(3) 
00 n/a 100  >10000 60 100 100 2500 (2) (2) 2000 
300 n/a 100 >10000 240 100 100 2500 (2) (2) 2000 
500 n/a 100 >10000 1600 1539 100 2500 (2) (2) 2000 
700 n/a 100 >10000 >10000 4479 2334 2500 (2) (2) 2000 
00 1550 100 1755 49 100 100 1900 (5) (5) 1300 
300 1550 100 1901 195 100 100 1900 (5) (5) 1300 
500 1550 100 3006 1300 >10000 >10000 1900 (5) (5) 1300 
700 1550 100 >10000 >10000 >10000 >10000 1900 (5) (5) 1300 
00 850 100 860 14 100 100 1400 (5) (5) (4) 
300 850 100 1040 57 285 100 1400 (5) (5) (4) 
500 850 100 2400 378 >10000 4014 1400 (5) (5) (4) 
700 850 100 >10000 >10000 >10000 >10000 1400 (5) (5) (4) 
 
Notes : (1) This column depicts the minimum number of bus passengers/hour required for each of the 
  bus priority treatments to be justified to maximise the person throughput. 
 (2)  This indicates that this form of bus priority may be considered further for this situation. 
 (3) This column depicts the minimum number of passengers / hour  eligible for the transit lane  
  to maximise the person throughput. 
 (4) This indicates the analysis was not undertaken for this situation 
 (5) This indicates that this form of bus priority is not appropriate for these traffic conditions 
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Figure 1 : Base Route Layout for Analysis of Bus Priority Treatments 
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Figure 2. Bus Lane Extended Through Intersection and Extra Lane Designated for General 
Purpose  
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Figure 3. Arrangement for Bus Lane Set-Back from Stop Line of Intersection. 
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Figure 4. Optimum Set-Back for Various Effective Green Periods 
 
Optimum set-back vs Degree of Saturation for 3 lane approach
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Figure 5. Typical Delay Associated With Various Ticketing Systems 
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